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PREFACE: the 2nd International Conference on     

Natural Resources and Life Sciences (NRLS) 2018 

The 2
nd

 International Conference on Natural Resources and Life Sciences (NRLS) 2018 has

been organized by the Faculty of Biotechnology of University of Surabaya, Indonesia. The 

theme of this conference is “Managing Natural Resources for Better Health”. Focusing on 

biological aspects, the conference has facilitated chances of collaborations in research and 

development – as well as enlarged joint activities regarding natural resource management – 

among academics and professionals in their attempts to contribute further to the community 

through their respective fields.   

The 2
nd

 NRLS 2018 was held on August 23–24, 2018. This conference presented eight

international speakers from five countries: Indonesia, Malaysia, the Netherlands, Singapore, 

and Thailand.  Over 200 representatives of 48 institutions participated in this event, involving 

more than 74 abstracts submitted in the form of oral and poster presentations. After a rigorous 

selection process, the Scientific & Editorial Board have decided to publish 43 manuscripts in 

IOP Conference Series: Earth and Environmental Science (EES), an international 

proceedings indexed in Scopus, Scimago, Conference Proceedings Citation Index-Science 

(CPCI-S) of Clarivate Analytics’s Web of Science, etc. From 43 selected ones above,          

21 manuscripts were results of joint researches between Indonesia and various countries, e.g. 

Australia, England, Georgia, Germany, India, Japan, Latvia, Lithuania, Malaysia, 

the Netherlands, the Republic of Korea, Spain, and Sweden. Those manuscripts  cover 

various biological themes, i.e. Food Biotechnology, Agricultural Biotechnology, Medical 

Biotechnology & Forensics, and Environmental Biotechnology & Renewable Energy. Each 

of the 43 manuscripts in IOP Conference Series–EES have been reviewed by at least two 

experts using double-blind system. The published manuscripts have passed all necessary 

improvement requirements (according to the IOP Proceedings standard), reviewer’s 

comments, SI (Système International d'Unités), and similarity tests (with the highest 

threshold of 25 %) as well as editing procedure by professional editors from seven countries 

(Georgia, India, Indonesia, Latvia, Lithuania, Malaysia, and Sweden). 

      Our appreciation goes to the reviewers, editors and members of the Scientific & Editorial 

Board for their big efforts in reviewing and improving the manuscripts. For the generous 

supports in succeeding the NRLS-2018, we extend our gratitute toward the University of 

Surabaya’s management and supporting units, our co-hosts the Faculty of Pharmacy and the 

Faculty of Medicine, and our sponsors VISION TEKNIK, SCIENCEWERKE, INDOLAB 

UTAMA, and MEGAH SEJAHTERA SCIENTIFIC.  
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      Last but not least, we thank you all presenters and attendees for the active contribution to 

share scientific ideas, inspire new researches, and exchange new contacts for closer co-

operations. We hope you have had enjoyable time with us and are currently encouraged to 

collaborate further in order to explore natural resources and life sciences in various aspects of 

living. We look forward to welcoming you and your team in the 3
rd

 NRLS-2020!

Surabaya May 02, 2019 

Republic of Indonesia - National Education Day 

Johan Sukweenadhi, Ph.D. 

Executive Chief of the 2
nd

 NRLS-2018

Editor in Chief: Roy Hendroko Setyobudi (Malang, IDN)  

Board of Editor:  Mariana Wahjudi (Surabaya, IDN), Maizirwan Mel (Kuala Lumpur, 

MYS), Olga Anne (Klaipėda, LTU), Peeyush Soni (Kharagpur, IND), Tsitsino Turkadze 

(Kutaisi, GEO), Yahya Jani (Kalmar, SWD), and Zane Vincēviča-Gaile (Riga, LVA). 
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Abtract. Sugar is a major source of sweetening but the increase of sugar demand is not in line 

with sugar cane production capacity in Indonesia. Therefore it is necessary to look for 

alternative other sweeteners as sugar cane substitution. The process of making glucose syrup 

made from  cassava, sweet potato corn, sago is relatively simple and can be done on a small or 

medium scale industry. But in fact in Indonesia, glucose syrup producers are almost all big 

industries. This is due to the lack of development of appropriate technology for the 

manufacture of liquid sugar. Based on preliminary experiments, there is a significant influence 

of the combination of α-amylase enzyme factor and liquefaction time factor on reducing sugar 

content. This is by controlling the processing time, temperature (70 to 80) ºC by stirring 

constantly and pH level 5.5. These three parameters are controlled and are being implemented 

with the design of an industrial liquid sugar processing apparatus. This system is designed with 

stainless steel material, and arduino microcontroller. Consumption of system power when the 

standby condition is 4.5 W. When the system is working at 311 W by activating the stirrer 

motor, gas valve and lighter. 

Keywords: Appropriate technology, arduino, enzyme, glucose. 

1. Introduction  

Sugar as one of the nine basic human needs is a major source of sweetening and is widely used 

throughout the community. Sugar demand in Indonesia always increases along with the increase of 

population and industry growth in Indonesia. Ironically, the increase of sugar demand is not in line 

with sugar cane production capacity in Indonesia. so that import becomes one choice. In 2012, the 

need for white crystal sugar is 5.13 × 10
6
 t, of which 2.60 × 10

6
 t is household and the remaining    

2.53 × 10
6
 t is the industry need. While the amount of production is only 2.5 × 10

6
 t. Dependence on 

imports will continue to be consistent with population growth, and increased public revenues and 

industry growth. According to the Indonesian Refined Sugar Association (AGRI), in 2015 the 

domestic production is only around 2.47 × 10
6
 t and national sugar needs of 6 × 10

6
 t or equivalent to 

6.38 × 10
6
 t of raw sugar. As a result, there is a deficit of around 3.53 × 10

6
 t which must be covered 

by imports [1].  

Therefore it is necessary to look for alternative other sweeteners as sugar cane substitution. Sugar 

made from starch like cassava, sweet potato corn, sago can be an alternative [2]. The process of 

making glucose syrup is relatively simple and can be done on a small or medium scale industry. But in 

https://en.wikipedia.org/wiki/Heinrich_Johann_Nepomuk_von_Crantz
mailto:hadi-s@ukwms.ac.id
mailto:yuliati@ukwms.ac.id
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fact in Indonesia, glucose syrup producers are almost all big industries. This is due to the lack of 

development of appropriate technology for the manufacture of liquid sugar is simple and cheap. In this 

research will be done the design of equipment production process of liquid sugar made from raw 

cassava that can be developed by small industry. The device is designed with stainless steel material, 

and uses arduino uno microcontroller as its controlling center, the working of this tool is the pH meter 

probe and the Resistance Temperature Detector (RTD) produces a measured resistance value and is 

accepted by the signal conditioning circuit. If the arduino uno detects and yes changes the measured 

voltage value and does not match the acid-base and temperature limits then the arduino will run the 

acid-base pump and the heating regulator. 

2. Materials and methods 

2.1. Material research 

Liquid sugar is known to the public by the name glucose syrup or fructose syrup. Glucose syrup is a 

condensed solution including monosaccharide groups obtained from starch by means of a complete 

hydrolysis by using an acid or enzyme catalyst, further purified and thickened. Diagram process flow 

the making of liquid sugar can be seen in figure 1. 

 

 

Figure 1. Liquid sugar making process [3].
 

The process of making liquid sugar is divided into several stages: 

(i) Liquefaction stage: Liquefaction process is the process of change of starch from condensed to 

dilute. The mixture of starch and water (star suspension) heated to boiling will thicken (gelatinization). 

The ratio of water and flour is 3:1 stirred until well mixed and then included a number of -amylose 

enzymes of 1 mL kg
‒1

 of starch. A pH setting of pH 6.2 to  pH 6.4 was performed with the addition of 

one table-spoon of lime. Liquefaction process can be stopped if the solution is completely liquid and 

clear brown. 

(ii) The stage of saccharification: The process of saccharification is the process of dextrin to sugar 

changes. The starch has been broken down into a later descooled cooling from 105 °C to 60 °C with 

the addition of an enzyme amyloglucosidase of 1 mL kg
‒1

 of starch to break down the descrank chain 

Cassava+ water (starch porridge) 

Liquefaction (90 °C), 60 min 

Cooling 

Saccharification (60
 
°C), 72 h 

Heating 

Purification 

Evaporation  

Liquid Glucose 

-Amilase (1 mL kg
‒1

 cassava) 

Amiloglukosidae 

Active charcoal 
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into glucose. The saccharification process takes a maximum of 72 h. The saccharification process is 

completed when the viscosity value 30 Brix to 35 Brix has been achieved. 

(iii) Phase of purification: The purification process is done by mixing the glucose liquid with 

activated charcoal. Activated charcoal has a very strong adhesion or absorption capability that can 

bind, coagulate and precipitate inorganic or organic components to free the syrup from unwanted 

impurities. Purification is done by mixing the liquid glucose with activated charcoal with temperature 

setting 80
 
°C. 

(iv) Filtering stage: Filtering is useful for separating the activated charcoal and components 

attached to the syrup liquid. This filtration is expected to retain the particles of impurities that have 

been previously coagulated by the activated char so that the resulting liquid is clear yellow.  

(v) Evaporation stage: Evaporation is performed on reactors previously used for liquefaction and 

saccharification processes. The process is carried out at 70 °C. Evaporation aims to concentrate 

glucose from (30 to 35) brix to (43 to 80) brix to obtain clear colored yellowish sugar. The type of 

cassava used cultivated the same is white cassava. Use of the α-amylase enzyme is purchased from the 

same manufacturer and the residual α-amylase enzyme already used is stored in the refrigerator to 

avoid damaging the α-amylase enzyme. 

2.2 Methods of research 

The research methods include the following steps: 

(i) Designing of liquid sugar processing and manufacture of liquid processing tool based on 

milrocontroller which includes mechanical and electronic design both hardware and software. The 

block diagram of the control system of the system can be shown in figure 2. 

 
Figure 2. Block diagram. 

The power supply from the 220 VAC PLN line is connected to the power supply circuit to supply 

the agitating motor and generate 5 VDC and 12 VDC voltages to supply the driver, microcontroller 

and sensor circuit. Valve type used is a DC valve. The source of this power supply is not directly 

connected to the valve and the water pump but through the driver circuit first. This driver circuit will 

get an input signal from a microcontroller to set the load or valve closing time. 

In making this liquid sugar using a voltage source from the power supply to supply the voltage in 

the microcontroller circuit, the driver circuit and solenoid valve, microcontroller will process the value 

readings to the pH and temperature sensors by performing some calculations [4, 5]. The relay is used 

to drive the solenoid valve to open the gas line of the LPG gas tank for heating. 
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Both sensors are inserted in the liquid sugar solution to measure their pH. The pH probe produces 

an electrical voltage according to the measured pH. And the temperature sensor produces a binary 

value according to the measured liquid sugar temperature, the result of the sensor reading value being 

sent to the LCD. The next process of programming to run the driver circuit in accordance with the 

value obtained to be able to set the desired temperature. The work flow chart of the system automation 

system liquefaction and saccharification process in liquid sugar making from cassava is shown in 

figure 3: 

(i) Measurement and testing of tools that have been made to know the performance of the tool as a 

whole. In the manufacture of liquid sugar using two processes of liquefaction and saccharification. 

Liquefaction the cassava (starch) solution is heated at 95 °C to 105 °C and maintained for 1 h, whereas 

at pH it is maintained at acidity of pH 6.2 to pH 6.4 to maintain pH with the addition of lime. 

Liquefaction process can be stopped if the solution is completely liquid and clear brown. After 1 h of 

warming, it is continued in the process of saccharification, after cooling to 60 °C, enzyme 

amiloglukosidase added 1 mL kg‒1
 of starch. The pH is adjusted to pH 4 to pH 4.6 by adding HCl 

solution into the starch solution. The saccharification process takes up to 76 h. 

(ii) Conducting several experiments to collect data and analyze it. After doing data analysis, 

drawing conclusions from the overall experimental results. 

 

 
 

Figure 3. Flow chart diagrams. 
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3. Results and discussion 

The results obtained in this study can be explained as follows: 

3.1. Construction tank 

The process of liquefaction and saccharification process of liquid sugar consists of two parts, namely 

stirrer and heater and panel box control system. The stirrer and heating apparatus used for the 

framework is made of iron and tank and stirrer stainless steel stirrer with tank size of 80 L with the 

diameter of 47 cm and height 47 cm shown in figure 4. 

 
Figure 4. Mixing and heating equipment. 

The panel box in the design of liquid sugar processing contains several components such as power 

supply, microcontroller, LCD, and driver circuit to run solenoid valve, lighter, peristaltic pump and 

push button start or stop. The panel box has a dimension 30 cm × 40 cm × 10 cm can be shown in 

figure 5. 

 

 
Figure 5. Panel box. 

The circuit of electronics as the overall controller of the system is composed of a series of modules 

PT 100, Series of pH Meter Modules. 

 

3.1.1. The PT100 Module circuit. MAX31865 module is a device of Pt100 to get the desired 

temperature value. Use amplifiers designed to read low resistance, and have amplifiers that can adjust 

and compensate for output output. Schematic Pt100 module can be shown in figure 6. Temperature 

measurement is done by inserting the PT100 sensor into a pan containing water that has been heated 

and then lowered in temperature to obtain a number of samples from 30 °C to 120 °C. The average 

percentage error between the measurement thermometer and PT 100 sensor is 0.86 %. 
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Figure 6. Schematic module Pt100. 

 

3.1.2. Network module pH meter [6]. The output of the pH sensor is a voltage value in which the value 

of this voltage must be measured with an amplifier circuit in the form of OP-Amp whose task is to 

amplify the voltage so that the voltage can enter the ADC work area. Figure 7 is an image of the pH 

sensor Logo module. 

 
Figure 7. Schematic module logo pH sensor. 



The 2nd International Conference on Natural Resources and Life Sciences (NRLS)

IOP Conf. Series: Earth and Environmental Science 293 (2019) 012019

IOP Publishing

doi:10.1088/1755-1315/293/1/012019

7

Reinforcement of RPS (Signal Conditioning Circuit) is three times that the output voltage does not 

exceed the input of the maximum ADC voltage allowed. The trick is to set the potentiometer R5 so 

that the gain does not exceed the specified ADC limit. In conducting the preparation of liquid heating 

sugar required at certain desired temperatures and pH, Arduino Uno microcontroller first initialises the 

port. PT100 and Probe pH meter will read the temperature and pH values and value read will be 

displayed on the LCD. If the start or stop button is pressed (0) then the Solenoid Valve will live to 

open the LPG gas tap, then the lighter will live for 3 s to spark fire, and the agitator to stir the 

processed liquid sugar. When the tool does the heating and stirring process, the PT100 Sensor will 

keep reading the temperature change. If the temperature value has reached the limit then the Solenoid 

Valve will close the LPG gas tap. In the process of measuring this system the experiment is carried out 

with a comparative buffer solution and a fixed temperature which is the room temperature around     

24 °C to 26 °C to be able to determine the level of accuracy of the tool designed. The average 

percentage error between the measurement of pH meter ATC and pH meter analog is 1.09 %. 

3.2. System testing based on ATmega328 AVR series microcontroller [7] 

System testing aims to find out the automation works well and to know the length of time the process 

occurs. Measurements are made by mixing starch flour with water at a rate of 5 Kg in volume 15 L. 

The power consumption is 4.5 W when the system standby, and needs 311 W by activating the stirrer 

motor, gas valve and lighter. The collection of temperature and pH, power and currents data is carried 

out every 5 min or there is a change in the material being tested. From the data obtained, the testing 

time is 134 min. The results and measurements system based on microcontroller performance can be 

shown in Table 1.  

Table 1. Data of temperature dan pH based on microcontroller performance. 

Timer Temperature (
o
C) pH Stove Watt (W) Current (A) Information 

- - - - 285 3.01 Mixed starch 

- 32 7.05 ON 266 2.97 Heating 

- 54 7.19 ON 261 2.94 Heating 

- 84 7.11 ON 304 3.12 Gelatinization 

1 100 6.99 OFF 292 3.04 Enzym on 

3 96 6.89 OFF 277 3.00 The material melts 

5 96 6.85 ON 277 2.99 Light brown liquid 

7 98 6.78 ON 275 2.98 Dark brown liquid 

10 101 6.77 OFF 260 2.93 Dark brown liquid 

15 98 6.70 ON 269 2.95  

- - - - - - Time break 

15 79 6.98 ON 280 2.99  

20 83 6.93 ON 272 2.94  

25 89 6.85 ON 266 2.94  

30 93 6.85 ON 252 2.89  

35 96 6.83 ON 261 2.94  

40 92 6.83 ON 263 2.94 Small fire 

45 90 6.81 ON 267 2.94 Small fire 

50 92 6.78 ON 262 2.93 Small fire 

55 95 6.77 ON 258 2.90 Small fire 

59 97 6.76 ON 260 2.94 Small fire 

- - - - 4.5 - Process done 

 

3.3. Data retrieval and data analysis 

In the process of making liquid sugar by using enzymatic methods, there are two processes that use the 

enzyme that is the process of liquefaction and saccharification process [3, 8‒10]. Liquefaction process 

uses α-amylase enzyme while saccharification process using glucoamylase enzyme. The volume of 
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cassava solution used is 1 L. The solution is heated by hot plate while continuous stirring using stirring 

rod. This stirring aims to keep the solution homogeneous. The heating temperature of the solution is 

about (70 to 80) ºC up formed gel on the solution of cassava starch. This process is called 

gelatinization process. The gelatinization process takes about 20 min. 

The gel-formed solution then measured its pH using a universal pH paper. The pH of the solution is 

adjusted to a pH of 5.5 using vinegar. After reaching pH 5.5, the gel-ready solution is ready to enter 

the next process that is the liquefaction process. The gel-formed solution is then added α-amylase 

enzyme according to the predetermined level while remaining heated by hot plate with continuous 

stirring until ± 100 °C. In this process, the temperature of the solution is kept constant until the process 

is complete. Factors influential in the process of liquefaction which made free variable is the amount 

of enzyme α-amylase and time of the process of liquefaction. The level of the independent variables 

can be shown in table 2. The number of α-amylase enzymes in ml units and the liquefaction process 

time in minutes. 

Table 2. Free variable level full factorial design method. 

Independent variabel 

Number of enzymes α-amylase 

(X1), mL 
0.8 1.2 1.6 

Processing time (X2), min 30 45 60 

The combination of the factors and the level of the liquidity process and the result of the 

measurement of the reduction sugar content from the resulting liquidity process can be shown in   

table 3. The result of the experiments of the liquefaction process is then measured by reducing the 

reducing sugar by using the spectrophotometer in the laboratory. The experiment was done by 

replicating two times. 

 

Table 3. Factor and experiment level combinations, measurement results and mean calculations. 

Number of enzymes α-amylase 

(mL) 

Processing time (X2), 

min 

Replication 

1 

Replication 

2 
Mean 

0.8 30 33.3233 43.499 38.4112 

0.8 45 52.68 63.166 57.923 

0.8 60 74.3467 80.87 77.6084 

1.2 30 167.467 158.568 163.017 

1.2 45 102.433 107.925 105.179 

1.2 60 78.1067 61.626 69.8664 

1.6 30 28.4733 31.553 30.0132 

1.6 45 50.3833 53.2112 51.7973 

1.6 60 307.8 301.75 304.775 

 

In combination of 1.6 mL of α-amylase enzyme and 60 min of liquefaction process, the average 

value of reducing sugar content was 304.775 g L
‒1

. From table 2, there is a significant effect of the 

combination between the enzyme α-amylase factor and the time factor of the liquefaction process on 

the reduction sugar content. 
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4. Conclusion 

Based on preliminary experiments, there is a significant influence of the combination of α-amylase 

enzyme factor factor and liquefaction time factor on reducing sugar content. This is by regulating and 

maintaining the processing time, temperature (70 to 80) ºC by stirring constantly and maintained pH 

level 5.5. These three parameters are regulated and are being implemented with the design of an 

industrial liquid sugar processing apparatus. From the liquefaction process carried out by the tool it 

takes around 134 min with a capacity of 20 L. Consumption of system power when the standby 

condition is 4.5 W. When the system is working at 311 W by activating the stirrer motor, gas valve 

and lighter. 

References 

[1] Aron H H B S 2016 RI Masih Impor Gula Mentah dari Tiga Negara Ini [RI Still Imports of 

Raw Sugar from Three Countries] [Online] from https://finance.detik.com/industri/d-

3248169/ri-masih-impor-gula-mentah-dari-tiga-negara-ini [Accessed December 1, 2018] 

[2] Simanjuntak W, Satria H and Utami N 2014 Production of reducing sugar from cassava solid 

waste by simultaneous ultrasonication and acid hydrolysis Indones. J. Chem. 14(3) 233–38 

 https://jurnal.ugm.ac.id/ijc/article/view/21233  

[3] Mulyana I J, Santosa L M H and Yuliati 2016 Rancang bangun mesin pembuatan sari tapioka 

pada pemroses gula cair (sirup glukosa) dari singkong (Manihot utillissima) untuk industri 

kecil menengah [Designing the making machine for tapioca juice in liquid sugar processors 

(glucose syrup) from cassava (Manihot utillissima) for small and medium industries] Jurnal 

Teknik Industri 22(11) 826‒33 

 https://journal.uii.ac.id/jurnal-teknoin/article/view/8937  

[4] Beran J A 2009 Laboratory Manual for Principles of General Chemistry (New Jersey: John 

Willey & Sons) 

 https://www.amazon.com/Lab-Manual-Principles-General-Chemistry/dp/0470567929  

[5] Laird B B and Chang, R 2009 University Chemistry (Boston: The McGraw-Hill Companies, 

Inc.) 

 https://www.worldcat.org/title/university-chemistry/oclc/269444553  

[6] Scholz F 2010 Electroanalytical Methods Guide to Experiments and Applications 2nd ed 

(Berlin: Springer-Verlag Berlin Heidelberg) 

 https://www.springer.com/gp/book/9783642029141  

[7] Microchip 2018 megaAVR®Data Sheet  (Arizona: Microchip Technology Inc.) 

 http://ww1.microchip.com/downloads/en/DeviceDoc/ATmega48A-PA-88A-PA-168A-PA-328-

P-DS-DS40002061A.pdf 

[8] Samaranayake M D W, De Silva A B G C J, Fernando W R D, Gunawardhane K V T and 

Herath H M T 2017 Optimization of liquefaction and saccharification times for laboratory 

scale production of glucose syrup from cassava starch and scaling up process of optimized 

conditions at pilot scale Res. J. Chem. Sci. 7(7) 16‒25 

 http://www.isca.in/rjcs/Archives/v7/i7/4.%20ISCA-RJCS-2017-048.php 

[9] Edama N A, Sulaiman A and Rahim S N A 2014 Enzymatic saccharification of Tapioca 

processing wastes into biosugars through immobilization technology BRJ 1 2‒6 

 https://www.biofueljournal.com/article_4745_9805b1af2b58b470230bd9cbe62217ca.pdf  

[10] Suripto, Ma’arif S and  Arkeman Y 2013 Pengembangan gula cair berbahan baku ubi kayu 

sebagai alternatif gula kristal dengan pendekatan sistem inovasi [Development of liquid 

sugar made from raw cassava as an alternative to crystal sugar with the innovation system 

approach] Jurnal Teknik Industri 3(2) 147‒56 [in Bahasa Indonesia] 

 https://www.trijurnal.lemlit.trisakti.ac.id/tekin/article/view/1575 

 

https://finance.detik.com/industri/d-3248169/ri-masih-impor-gula-mentah-dari-tiga-negara-ini
https://finance.detik.com/industri/d-3248169/ri-masih-impor-gula-mentah-dari-tiga-negara-ini
https://jurnal.ugm.ac.id/ijc/article/view/21233
https://journal.uii.ac.id/jurnal-teknoin/article/view/8937
https://www.amazon.com/Lab-Manual-Principles-General-Chemistry/dp/0470567929
https://www.worldcat.org/title/university-chemistry/oclc/269444553
https://www.springer.com/gp/book/9783642029141
http://ww1.microchip.com/downloads/en/DeviceDoc/ATmega48A-PA-88A-PA-168A-PA-328-P-DS-DS40002061A.pdf
http://ww1.microchip.com/downloads/en/DeviceDoc/ATmega48A-PA-88A-PA-168A-PA-328-P-DS-DS40002061A.pdf
http://www.isca.in/rjcs/Archives/v7/i7/4.%20ISCA-RJCS-2017-048.php
https://www.biofueljournal.com/article_4745_9805b1af2b58b470230bd9cbe62217ca.pdf
https://www.trijurnal.lemlit.trisakti.ac.id/tekin/article/view/1575

	Microcontroller application for pH and temperature control system in_Cover
	Microcontroller application for pH and temperature control system in_Editorial Board
	Microcontroller application for pH and temperature control system in_TOC
	Microcontroller application for pH and temperature control system in

